Alternative theories of gravity have been recently studied in connection with their cosmological applications, both in the Palatini and in the metric formalism. The aim of this paper is to propose a theoretical framework (in the Palatini formalism) to test these theories at the solar system level and possibly at the galactic scales. We exactly solve field equations in vacuum and find the corresponding corrections to the standard general relativistic gravitational field. On the other hand, approximate solutions are found in matter cases starting from a Lagrangian which depends on a phenomenological parameter. Both in the vacuum case and in the matter case the deviations from General Relativity are controlled by parameters that provide the Post-Newtonian corrections which prove to be in good agreement with solar system experiments.
Introduction
The most striking and recent experimental discovery regarding Cosmology and the structure of the universe is related with the evidence of the acceleration of the universe, which is supported by experimental data deriving from different tests: i.e., from Type-Ia Supernovae, from CMWB and from the large scale structure of the universe [1] . Standard General Relativity is not able to provide a theoretical explanation to these experimental results unless some exotic and invisible matter is admitted to exist in the universe (Dark Energy). Proposals to explain the cosmic acceleration also arise from higher dimensional theories of Gravity [2] . Alternative theories to explain the acceleration of the universe have been recently proposed in the framework of higher order theories of Gravity [3] , already introduced in the framework of cosmological models to explain the early time inflation [4] . Different models have been then studied both in the standard metric formalism [5] and in the first order Palatini formalism [6] . Higher order theories of Gravity have been studied also in a quantum framework and a quantization of L(R) theories has been performed in [7] .
To test the theoretical consistence of these theories with observational data is however necessary to examine and to fit the standard tests for General Relativity: in particular solar system experiments and the tests of gravity at galactic scales. General Relativity reproduces with an excellent precision the experimental results obtained at the solar system scale [8] . This naturally implies that each theory which pretends to be consistent with experimental results should surely reproduce General Relativity in this limit.
The aim of this paper is to provide a general theoretical framework to test the reliability of alternative theories of Gravity with solar system experiments. Such a problem was already studied from a different viewpoint in the standard metric formalism in [9] and in the Palatini formalism in [6, 10] . Some debate is still open on the accordance of experimental results with solar system experiments and some authors erroneously claim that only theories which do not differ too much from General Relativity do the job (see [6] ); however, as we shall see, this is not true and, moreover, it is known that the Palatini formalism can naturally provide accordance with solar system experiments (see e.g. [10] [11] [12] and references quoted therein). Some interesting results are also present in literature regarding the accordance of alternative theories of Gravity with rotational curves of galaxies [13] .
In this paper we shall study the problem of the reliability of alternative theories of Gravity with solar system experiments and give also some hints regarding the galactic scale tests of Gravity (which will be considered in a forthcoming paper [14] ). We shall do this from a purely theoretical viewpoint, trying to understand which Newtonian or Post-Newtonian modifications to standard General Relativity arise from specific modifications of the Hilbert-Einstein Lagrangian. In particular we consider L(R) theories where the Lagrangian depends on an arbitrary analytic function L of the scalar curvature R. Starting from the results already obtained in [15] and [16] we find an exact solution to field equations in vacuum. In that case field equations are controlled by a scalar-valued equation called the structural equation. It is relevant that modifications to the standard general relativistic gravitational field arise, and they turn out to be directly related to solutions of the structural equation and, consequently, to the particular form of the Lagrangian chosen (the choice of L(R)). We shall show how these modifications can be suitably interpreted as Post-newtonian parameters related to the non linearity of the theory.
We consider furthermore field equations in the case of matter universes (i.e. when the stress energy tensor is non vanishing). Considering a linear approximation of the metric, either with respect to a Minkowski flat space-time, or with respect to a de Sitter or an anti de Sitter space-times, the non-linear structure of
